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Introduction
The alliance Adenostylion alliariae Br.-Bl. 1926 belongs to the class MulgedioAconitetea Hadač et Klika in Klika 1948 , (syn. Betulo-Adenostyletea Br.-Bl. 1948 ). The alliance comprises plant communities which grow optimally in the subalpine zone of the European mountain ranges. These assemblages develop under specific microclimatic and edaphic conditions. They prefer habitats with fertile soil and an abundant water supply lying above the upper forest limit. These plant communities could be also found along streams in the mountain forest zones (Matuszkiewicz 2005; Pawłowski 1972a ).
In the Carpathian Mts, there are thirty distinct plant communities which are assigned to the Adenostylion alliariae alliance. Seventeen of them are at the association level, nine are at the subassociation level, and four are at the community level (Stachurska-Swakoń 2009a) . These communities consist of the rich flora enclosing more than four hundred taxa of vascular plants. Some of the key species are valuable and rare, either in the Carpathians as a whole or in the countries in which the Carpathians lie. This indicates that tall-herb communities play an important role in maintaining biodiversity in the mountains.
The aim of this study was to compile a list of rare and endangered plant taxa that can be found in communities of the Adenostylion alliariae alliance in terms of their ecological status, their geographical distribution, and the range of habitats in which they are encountered. The species selected for this study included the following: -species threatened in Poland which are presently included in the Polish Red Book of Endangered Plant Species (Kaźmierczakowa & Zarzycki 2001) ; -species which are either endemic or subendemic to the Carpathian Mts (Mitka 2003 (Mitka , 2005 Mitka & Nowosad 2002; Pawłowska 1953 Pawłowska , 1972 Pawłowski 1972b; Piękoś-Mirkowa et al. 1996; Zemanek 1991 Zemanek , 2005 Zemanek & Winnicki 1999) ; -species which are characteristic to the Eastern Carpathians and Balkans (Eastern CarpathianBalkan species); and -species which represent eastern biogeographical element in the Polish flora (Zemanek 1991 (Zemanek , 2005 Zemanek & Winnicki 1999) .
Aposeris foetida, Lathyrus laevigatus, and Glechoma hirsuta were not included in the study, even though they are considered as eastern biogeographical element in the Polish flora. Aposeris foetida is distributed in the Western Carpathians and in the Lublin highlands (Zając & Zając 2001) . Lathyrus laevigatus can be found in the Małopolska highlands, the Lublin highlands, and the Suwałki region (Zając & Zając 2001) and occurs in the Alps (Aeschimann et al. 2004) . Glechoma hirsuta is recently regarded as a weak eastern indicator in Polish flora.
This species is distributed in the Western Carpathians as far west as the Silesian highlands. It also has their localities in the Małopolska highlands and the Białowieża National Park (Zając & Zając 2001) .
Symphytum cordatum, Pan-Carpathian subendemic species, is also not included in the study. This species is widely distributed and common throughout the Carpathians (Eastern and large part of the Western Carpathians) and extending to the neighbouring areas (Pawłowski 1961; Zając & Zając 2001) .
Materials and methods
The present study was based on phytosociological relevés from published and unpublished phytosociological studies of the Carpathian Mts, e.g. Balcerkiewicz 1984; Balcerkiewicz & Pawlak 2004; Boşcaiu 1971; Coldea 1990 Coldea , 1991 Deyl 1940; Hadač 1956; Fink 1977; Kliment et al. 2007; Kornaś & Medwecka-Kornaś 1967; Krajčiová-Šibíková et al. 2005; Malinovsky & Kricsfalusy 2000; Oltean & Dihoru 1986; Pawłowski & Walas 1949; Pawłowski & Stecki 1927; Pawłowski et al. 1928; Šeffer & Šefferová 1989; Stachurska-Swakoń 2008 , 2009b Stuchlik 1968; Szafer & Sokołowski 1927; Szafer et al. 1923 Szafer et al. , 1927 Walas 1933; Wilczek 2006; Winnicki 1999 . Information on taxonomy, ecological status, geographical distribution and habitat range were extracted from various general studies and detailed papers, e.g. Assyov & Petrova 2006; Balazs 1938 Balazs -1939 Dostal 1989; Hegi 1958; Hultén 1968; Hultén & Fries 1986; Jalas & Suominen 1986 , 1989 Malinovsky 1980; Meusel et al. 1978; Meusel & Jager 1992; Pacyna & Piękoś 1968; Pawłowski 1961 
I. Species threatened in Poland
Aconitum firmum Rchb. subsp. moravicum Skalický This subspecies is endemic to the Western Carpathians, and can be found in Poland, Slovakia and the Czech Republic. It is listed as vulnerable in the Polish Red Book, and is included in Annex II of the Habitats Directive. This subspecies and Aconitum firmum subsp. firmum are the main components of the association Aconitetum firmi in Poland and Slovakia. It also can be found in other tall-herb communities from the Adenostylion alliance including: Adenostylo alliariae-Athyrietum alpestris (Slovakia), Petasiteto kablikiani-Senecietum hercynicae (Slovakia), Ranunculo platanifolii-Adenostyletum alliariae (Poland, Slovakia) (Mitka 2003) .
Aconitum lasiocarpum (Rchb.) Gáyer
This species is endemic to the Carpathian Mountains and subendemic to the Eastern Carpathians. The species comprises two subspecies: subsp. lasiocarpum and subsp. kotulae. These subspecies are found in the Eastern Carpathians, and to a lesser extent in the Western Carpathians.
Aconitum lasiocarpum is listed as vulnerable in the Polish Red Book, in the Red List of Vascular Plants in Poland (Zarzycki & Szeląg 2006) , and in the Carpathian List of Endangered Species (Witkowski et al. 2003) .
Aconitum lasiocarpum can be found in several tall-herb associations: Adenostylo-Doronicetum (Romania), Cirsio waldsteinii-Heracleetum transsilvanici (Romania), Heracleo-palmati-Rumicetum alpinii (Romania); Trollio altissimae-Knautietum dipsacifoliae (Poland) (Coldea 1990 (Coldea , 1991 Oltean & Dihoru 1986; StachurskaSwakon 2009b; Winnicki 1999) .
At lower altitudes, Aconitum lasiocarpum grows in deciduous forests and wet meadows (Mitka 2003) .
Campanula serrata (Kit.) Henrych
This species is endemic to the Carpathians. It can be found rarely in the whole range of the Carpathian Mountains. It is listed as vulnerable in the Polish Red Book, and it is included in the Annex II of the Habitats Directive as priority species.
Campanula serrrata is a multizonal mountain species which occurs in various non-forest communities. It is characteristic species to the Campanulo serratae-Agrostietum capillaris association. In the sub-alpine zone it usually grows in the tall-grass vegetation and in the bilberry heath (Coldea 1991 , Kliment et al. 2007 ). In tallherb communities it can be found in: Aconitetum firmi (Slovakia), Diantho compacti-Hypericetum maculatii (Poland), Geranio robertiani-Delphinietum elati (Slovakia), Ranunculo platanifolii-Adenostyletum alliariae (Slovakia), Trollio altissimae-Knautietum dipsacifoliae (Poland) (Kliment et al. 2007; Winnicki 1999) .
Cortusa matthioli L.
This European species with disjunctive range occurs in the Alps, Carpathians, Ural and it has dispersed localities in the north-eastern Europe. It is listed as rare -potentially endangered in the Polish Red Book and in the Red List of Vascular Plants in Poland (Zarzycki & Szeląg 2006) .
Cortusa matthioli occurs in the habitats associated with running water, most frequently in flush communities. In tall-herb communities it can be found in: Aconitetum firmi (Slovakia), Arunco-Doronicetum austriaci (Poland), Geranio robertiani-Delphinietum elati (Slovakia), Cirsio waldsteinii-Heracleetum transsilvanici (Romania) Petasiteto kablikiani-Senecietum hercynicae (Slovakia) (Fink 1977; Kliment et al. 2007; Kornaś & Medwecka-Kornaś 1967 
II. Endemics and subendemics to the Carpathians
Aconitum moldavicum Hacq. subsp. hosteanum (Schur) Graebn. & P.Graebn.
This subspecies is subendemic to the Eastern and Southern Carpathians. This is montane species which occurs in moist habitats. It can be found in the tall-herb communities in: Aconitetum taurici (Romania), Adenostylo-Doronicetum (Romania), Cirsio waldsteinii-Heracleetum transsilvanici (Ukraine, Romania), Ranunculo platanifolii-Adenostyletum alliariae (Ukraine) (Coldea 1991 
Delphinium oxysepalum Borb. et Pax
This species is endemic to the Western Carpathians. Outside of the Tatra Mts. it occurs in the massif of the Veľký Choč, Malá Fatra Mts., Nízke Tatry Mts. and Muránska Planina. This is subalpine species, it grows in the Aconitetum firmi association in the Tatra Mts. (Poland, Slovakia) (Kliment 2007; Pawłowski et al. 1928 ).
Dentaria glandulosa Waldst. et Kit.
This species is subendemic to the Carpathians. It is common and widespread throughout the Western and Eastern Carpathians. This is montane species which is characteristic to the association Dentario glandulosae-Fagetum. It is found in tall-herb communities at lower altitudes, mainly in Arunco-Doronicetum austriaci (Poland) (Kornaś & Medwecka-Kornaś 1967; Wilczek 2006) .
Leucanthemum waldsteinii (Sch. Bip.) Pouzar
This species is subendemic to the Carpathians. It is common and widespread throughout the whole Carpathians and it has isolated localities in Bosnia. This is multizonal mountain species which occurs in various tall-herb communities: Aconitetum firmi (Poland, Slovakia), Aconitetum taurici (Romania), Adenostylo alliariae-Athyrietum alpestris (Slovakia), Adenostylo alliariae-Doronicetum austriaci (Romania), Arunco-Doronicetum austriaci (Poland), Bryo pseudotriquetri-Chaerophylletum hirsuti (Slovakia), Chaerophyllo hirsuti-Cicerbitetum alpinae (Slovakia), Cirsio waldsteinii-Heracleetum transsilvanici (Romania), Petasiteto kablikiani-Senecietum hercynicae (Slovakia), Ranunculo platanifolii-Adenostyletum alliariae (Poland, Slovakia, Ukraine), Trollio altissimae-Knautietum dipsacifoliae (Poland), Chrysanthemum rotundifolium -Senecio subalpinus community (Poland) (Coldea 1990 (Coldea , 1991 Kliment et al. 2007; Kornaś & Medwecka-Kornaś 1967; Malinovsky & Kricsfalusy 2000; Pawłowski et al. 1928; Pawłowski & Walas 1949; Stuchlik 1968; Winnicki 1999) .
Petasites kablikianus Tausch ex Bercht.
This species is subendemic to the Carpathians. It is common and widespread throughout the Western and Eastern Carpathians. It has also some localities in the Sudety Mts and Balkan Peninsula. This is montane species which is characteristic species to the association Petasiteum kablikiani. It frequently accompanies tall-herb communities in lower altitudes: Aconitetum firmi (Slovakia), Arunco-Doronicetum austriaci (Poland), Cirsio waldsteinii-Heracleetum transsilvanici (Ukraine, Romania), Geranio robertianiDelphinietum elati (Slovakia), Petasiteto kablikiani-Senecietum hercynicae (Slovakia), Ranunculo platanifoliiAdenostyletum alliariae (Poland, Slovakia, Ukraine) (Coldea 1990; Kornaś & Medwecka-Kornaś 1967; Malinovsky & Kricsfalusy 2000; Pawłowski & Walas 1949; Stuchlik 1968; Winnicki 1999) .
Poa granitica Braun-Blanq.
This species is considered as Pan-Carpathian endemic species by Pawłowski (1972a) . According to Slovak botanists two separate taxa exist and P. granitica subsp. granitica should be regarded as the Tatra endemic species (after Piękoś-Mirkowa et al. 1996) .
Poa granitica s.l. is the alpine species which is characteristic to the association Luzuletum spadiceae. It can be found in tall-herb communities: Aconitetum firmi (Slovakia), Cirsio waldsteinii-Heracleetum transsilvanici (Ukraine), Ranunculo platanifolii-Adenostyletum alliariae (Slovakia) (Coldea 1990 (Coldea , 1991 Deyl 1940; Kliment et al. 2007; Malinovsky & Kricsfalusy 2000; Pawłowski & Walas 1949) .
Ranunculus pseudomontanus Schur
This species is Pan-Carpathian subendemic. It is widespread throughout the Western and Eastern Carpathians. This is alpine species which grows mainly in alpine communities and in tall grass communities in sub-alpine zone. In tall-herb communities it can be found in: Aconitetum firmi (Slovakia), Adenostylo-Doronicetum austriaci (Romania); Galeopsidi speciosae-Rumicetum alpini (Poland), Ranunculo platanifolii-Adenostyletum alliariae (Slovakia) (Coldea et al. 1981; Kliment et al. 2007; Winnicki 1999) .
Rumex alpestris Jacq. subsp. carpaticus Zapał.
This species is endemic to the Eastern Carpathians. It is distributed in the Eastern and Southern Carpathians. This is multizonal mountain species which occurs from foot of the mountains to alpine zone. It grows in various plant communities. In tall-herb communities it is found in: Aconitetum taurici (Romania), AdenostyloAthyrietum dipsacifoliae (Poland), Adenostylo alliariae-Doronicetum austriaci (Romania), Cirsio waldsteiniiHeracleetum transsilvanici (Romania), Diantho compacti-Hypericetum maculati (Poland), Galeopsidi speciosae-Rumicetum alpini (Poland), Ranunculo platanifolii-Adenostyletum alliariae (Ukraine), Trollio altissimae-Knautietum dipsacifoliae (Poland) (Coldea 1990 , Malinovsky & Kricsfalusy 2000 Pawłowski & Walas 1949; Stachurska-Swakoń 2008; Winnicki 1999) .
Saxifraga carpatica Rchb.
This is Pan-Carpathian subendemic species. Their localities are restricted to the highest summits of the Eastern and Western Carpathians. It has few localities in Pirin Mts and Rila Mts. This is alpine species which grows in scree communities. It is occasionally found in Aconitetum firmi (Poland, Slovakia) and Ranunculo platanifolii-Adenostyletum alliariae (Poland, Slovakia) (Kliment et al. 2007; Pawłowski et al. 1928 ).
Soldanella carpatica Vierh.
This species is endemic to the Western Carpathians. It is distributed in the Tatra Mts, Malá Fatra Mts, Vel'ká Fatra Mts, Nízke Tatry Mts and Pieniny Mts. This is multizonal mountain species which is not connected with any plant communities: it occurs as well in forest and non-forest communities. In tall-herb communities it can be found in: Aconitetum firmi (Poland, Slovakia), Adenostylo alliariae-Athyrietum alpestris (Poland, Slovakia), Bryo pseudotriquetri-Chaerophylletum hirsuti (Slovakia), Petasiteto kablikiani-Senecietum hercynicae (Slovakia), Ranunculo platanifoliiAdenostyletum alliariae (Poland, Slovakia) (Balcerkiewicz 1984; Kliment et al. 2007; Kornaś & MedweckaKornaś 1967; Pawłowski et al. 1928; Stuchlik 1968; Walas et al. 1933) .
Trisetum fuscum Schult.
This species is endemic to the Carpathians. It is widespread in higher altitudes of the Western and Eastern Carpathians. This is alpine species which grows in tall grass communities and alpine communites. In tall-herb communities it can be found in: Aconitetum firmi (Slovakia), Aconitetum taurici (Romania), Adenostylo alliariae-Doronicetum austriaci (Romania), Bryo pseudotriquetri-Chaerophylletum hirsuti (Slovakia), Cirsio waldsteinii-Heracleetum transsilvanici (Ukraine), Ranunculo platanifolii-Adenostyletum alliariae (Slovakia, Ukraine) (Coldea 1990 (Coldea , 1991 Kliment et al. 2007; Pawłowski & Walas 1949) .
III. Eastern Carpathian-Balkan species

Campanula abietina Griseb. et Schenk
This is Eastern Carpathian-Balkan species which occurs in the Eastern, Southern Carpathians and in the Balkan Peninsula. This is multizonal mountain species. In tall-herb communities it grows in: Aconitetum taurici (Romania), Adenostylo-Doronicetum (Romania), Cirsio waldsteinii-Heracleetum transsilvanici (Romania), Diantho compacti-Hypericetum maculati (Poland), Galeopsidi speciosae-Rumicetum alpini (Poland), Ranunculo platanifolii-Adenostyletum alliariae (Ukraine), Trollio altissimae-Knautietum dipsacifoliae (Poland) (Deyl 1940; Coldea 1990 Coldea , 1991 Fink 1977; Pawłowski & Walas 1949; Winnicki 1999) .
Dianthus compactus Kit
This is Eastern Carpathian-Balkan species which occurs in the Eastern, Southern Carpathians and in the Balkan Peninsula. This is subalpine species, diagnostic species for Diantho compacti-Hypericetum maculati (Poland) and Diantho compacti-Festucetum porcii (Romania). In tall-herb communities it grows also in: Trollio altissimaeKnautietum dipsacifoliae (Poland) (Coldea 1991; Winnicki 1999) .
Viola dacica Borb.
This is Eastern Carpathian-Balkan species which is distributed in the Eastern, Southern Carpathians and in the northern part of the Balkan Peninsula. This is subalpine species. In tall-herb communities it grows in: Aconitum taurici (Romania) Diantho compacti-Hypericetum maculati (Poland), Galeopsidi speciosae-Rumicetum alpini (Poland) (Boşcaiu 1971; Winnicki 1999) .
IV. Eastern biogeographical element in the Polish flora
Carex dacica Heuff.
This species occurs in the Eastern and Southern Carpathians, eastern part of the Balkan Peninsula, Asia Minor and Caucasus. It has their western range limit in territory of Poland: in the Bieszczady Mts. The species is listed in the Red List of Vascular Plant in Poland as rare. This is subalpine species. In tall-herb communities it is found in Aconitum taurici (Romania), Trollio altissimaeKnautietum dipsacifoliae (Poland) (Boşcaiu 1971; Winnicki 1999) .
Cirsium waldsteinii Rouy
This species is distributed in the Eastern and Southern Carpathians, Balkans and eastern part of the Alps. In Poland, their western distribution limit is in the Bieszczady Mts.
The species is listed in Red List of Vascular Plant in Poland as rare. This is subalpine species. In tall-herb communities it can be found in: Adenostylo-Doronicetum austriacae (Romania), Cirsio waldsteinii-Heracleetum transsilvanici (Romania), Ranunculo platanifolii-Adenostyletum alliariae (Ukraine), Trollio altissimae-Knautietum dipsacifoliae (Poland) (Boşcaiu 1971; Coldea 1990 Coldea , 1991 Deyl 1940; Malinovsky & Kricsfalusy 2000; Pawłowski & Walas 1949; Winnicki 1999) . Waldst. et Kit. This species occurs in the Eastern and Southern Carpathians, Balkan Peninsula, Alps, Asia Minor. Their western range limit in Poland is in the territory of the Bieszczady Mts. This is subalpine species. In tall-herb communities it can be found in: Diantho compacti-Hypericetum maculati (Poland), Ranunculo platanifolii-Adenostyletum alliariae (Ukraine) (Malinovsky & Kricsfalusy 2000; Winnicki 1999 ).
Scorzonera rosea
Veratrum album L. subsp. album
This subspecies is distributed in the Eastern and Southern Carpathians, Balkan Peninsula, Alps and Asia Minor. Their western range limit in Poland is in the territory of the Bieszczady Mts. This is subalpine taxon. In tall-herb communities it can be found in: Aconitetum taurici (Romania), Adenostylo alliariae-Doronicetum austriaci (Romania), Diantho compacti-Hypericetum maculati (Poland), Galeopsidi speciosae-Rumicetum alpini (Poland), Cirsio waldsteinii-Heracleetum transsilvanici (Romania), Ranunculo platanifolii-Adenostyletum alliariae (Ukraine) (Boşcaiu 1971; Coldea 1990 Coldea , 1991 Fink 1977; Pawłowski & Walas 1949; Winnicki 1999) .
Summary
1. Five of the species listed in the Polish Red Book are found in the communities of the Adenostylion alliariae alliance in the Carpathian Mountains.
2. Thirteen endemics and subendemics to the Carpathians are found in tall-herb communities.
3. Fourteen of the thirty taxa which are regarded as eastern element in the Polish flora are found in tall-herb communities.
The combined number of valuable species which grow in the communities of the Adenostylion alliariae alliance reflects the key role of these communities as reservoirs of key species in preserving biodiversity.
